We have previously reported on the biallelic expression of the imprinted PEG1/MEST gene in infiltrating carcinomas of the breast. Putative loss of imprinting (LOI) of PEG1/MEST has subsequently also been implicated in the aetiology of lung adenocarcinomas and colon cancer. Taking advantage of our previous study, identifying seven infiltrating carcinomas of the breast, displaying biallelic PEG1/MEST expression, we have analysed the allelic usage of the two alternative PEG1/MEST transcripts encoding isoforms 1 and 2, separately. In addition, expression levels of the two transcripts have been measured by real-time RT-PCR, in order to elucidate the mechanism behind the switch from monoallelic transcription in normal breast tissue to biallelic expression in invasive cancer. The isoform 1 transcript is imprinted in both the paired normal tissue and the breast carcinomas. In contrast, the isoform 2 transcript is biallelically expressed, or in one case expressed from the opposite allele to isoform 1, raising the possibility that isoform 2 is polymorphically imprinted in normal breast tissue. In all the paired normal samples, isoform 1 is predominantly expressed, explaining the monoallelic profiles of these samples. However, in four of the seven biallelic carcinomas, isoform 2 is expressed at higher levels than isoform 1, indicating that a switch in expression from isoform 1 to isoform 2 is responsible for the biallelic profiles in these samples. Our results not only suggest a novel mechanism leading to biallelic expression detected when analysing the common 3 0 -UTR of the PEG1/MEST transcriptional unit, they are also indicative of the existence of further alternative PEG1/MEST transcripts.
INTRODUCTION
Genomic imprinting is a mechanism by which a number of genes throughout the genome are monoallelically expressed according to their parental origin. Loss of imprinting (LOI) in the form of reactivation of a previously silent/imprinted allele of the growth-promoting gene IGF2 and inactivation of H19 was first detected in Wilms' tumours (1, 2) and has since been reported in several adult cancers, including breast cancer (3) (4) (5) . In vitro reversal of LOI of both H19 and IGF2 has suggested good therapeutic potential (6) . In addition, LOI of IGF2 has been proposed to be an easily detectable premalignant marker of colorectal cancer (7, 8) . Therefore, the investigation of the allelic usage of imprinted loci is of great importance.
Since our original report documenting biallelic expression of PEG1/MEST in infiltrating carcinomas of the breast (9) , an alternative non-imprinted PEG1/MEST transcript has been isolated from human adult blood lymphocytes (10) . The two alternative transcripts have been denoted isoform 2 (nonimprinted) and isoform 1 (paternally expressed) respectively (10) , based on the assumption that they encode different isoforms of the PEG1/MEST protein. This nomenclature has been adopted in the current study.
Taking advantage of our previous work, identifying seven informative tumours displaying biallelic PEG1/MEST expression, we have investigated LOI versus promoter switch as the possible mechanisms underlying biallelic PEG1/MEST expression in breast cancer. For this purpose, a protocol allowing the allelic usage of each transcript to be evaluated separately was employed. This, in conjunction with real-time RT-PCR analysis of the relative expression levels of isoforms 1 and 2, has provided evidence for promoter switch being a novel mechanism resulting in biallelic PEG1/MEST expression in breast cancer. 
RESULTS
Utilizing isoform-specific primers (Fig. 1) , allelic usage of isoforms 1 and 2 was investigated separately. Analysis of the paired samples from patients with biallelic PEG1/MEST expression, established that isoform 1 remained imprinted in the cancer tissue (Fig. 2) . Hence, isoform 1 has not undergone LOI, indicating that an alternative mechanism must be involved in the biallelic expression.
Isoform 2 was biallelically expressed in six out of the seven biallelic samples (T4, T11, T18, T39, T53 and T98) (Fig. 3B) . The corresponding normal tissue also expressed isoform 2 biallelically (Fig. 3A) in five of the six cases (one case, N18, could not be analysed owing to there being insufficient RNA). This indicates that biallelic isoform 2 expression is not a result of LOI. However, in one case (T44), isoform 2 was expressed from the opposite allele of isoform 1 (Fig. 3B ). This case also displayed monoallelic isoform 2 expression in the normal tissue (Fig. 3A) , indicating the possibility that isoform 2 is polymorphically imprinted in breast tissue.
The monoallelic PEG1/MEST expression reported previously (9) , when investigating the common 3 0 -UTR directly, reflects the allelic usage of isoform 1. This indicates that isoform 1 is the predominant transcript in normal breast tissue. Owing to the fact that isoform 2 is expressed either biallelically or from the opposite allele to isoform 1, the possibility exists that the biallelic profiles of the breast carcinomas detected originally (9) is a result of a switch in expression from isoform 1 to isoform 2. To investigate this further, we established the relative expression levels of the two isoforms by isoform-specific realtime RT-PCR.
In all normal samples analysable, isoform 1 mRNA levels were at least 10-fold higher than isoform 2 levels (Table 1 ). In two benign lesions with monoallelic PEG1/MEST profiles, the relative expression of isoform 1 remained high compared with isoform 2 (data not shown). In contrast, two of the biallelic carcinomas (T4 and T53) displayed higher isoform 2 than isoform 1 mRNA levels, and in two samples (T39 and T44) the expression levels in the cancer tissue were comparable. In conjunction with the allelic-usage results, this suggests that the biallelic PEG1/MEST profiles could be a result of promoter switch in four of the seven biallelic infiltrating carcinomas (Table 1) . In three samples, the mRNA levels of isoform 2 remained substantially lower than the isoform 1 levels, and since isoform 1 remains monoallelically expressed, the biallelic profiles must be attributed to an as-yet unidentified transcript. The possibility of another transcript arising from the PEG1/ Figure 1 . Localization of isoform-specific primers. Schematic representation of the localization of isoform-specific primers (not drawn to scale) on genomic DNA (A), isoform 1 (B) and isoform 2 (C). The forward primers, exon 1 and exon A, are specific for isoforms 1 and 2 respectively. For real-time PCR, the isoformspecific primers were used with the downstream primer exon 2. For analysis of the allelic usage of the two isoforms, R2324 was used as the downstream primer. The products were, upon gel purification, used as template for amplification of the shared 3 0 -UTR with PEGF and PEGR, enabling the AflIII RFLP analysis. For simplicity, only the two isoform-specific exons (exons A and 1) and the first and last of the shared exons (exons 2 and 12 respectively) are shown. A full line symbolises an intron and a broken line the spliced-out intron.
MEST transcription unit indicates that the expression pattern at this locus maybe as complex as that reported for the GNAS1 locus (11) (12) (13) .
DISCUSSION
In the current study, we found isoform 1 to be imprinted in both normal and breast cancer tissue. In contrast, isoform 2 was biallelically expressed in six cases and expressed from the opposite allele to isoform 1 in one case. Whether this indicates that isoform 2 is reciprocally imprinted to isoform 1 in a proportion of breast carcinomas will have to be investigated further. The possibility exists that the observed monoallelic expression is a result of structural changes in the form of a mutation present in both the normal and tumour tissues of this patient. Since isoform 1 transcription can be detected from the Figure 2 . Isoform 1 allelic usage. Analysis of isoform 1 allelic usage was carried out by generating isoform 1-specific RT-PCR products. The intronspanning nature of the primers used controlled for genomic DNA contamination. Nested PCR using the gel-purified RT-PCR product as template yielded a 308 bp fragment for restriction digestion. Isoform 1 allelic usage in normal breast tissue and breast cancer is pictured in (A) and (B) respectively. The marker (M) used in these experiments was phiX174HaeIII (Promega). The control sample run concurrently with the restriction products was a PCR product known to be heterozygous. All samples analysed (both normal and cancer) had a monoallelic profile, ruling out LOI of isoform 1 as the cause of the biallelic PEG1/MEST expression detected originally (9) . Analysis of N18 was not possible owing to there being insufficient RNA. Figure 3 . Isoform 2 allelic usage. Analysis of isoform 2 allelic usage was carried out by generating isoform 2-specific RT-PCR products. The intron-spanning nature of the primers used controlled for genomic DNA contamination. Nested PCR using the gel-purified RT-PCR product as template yielded a 308 bp fragment for restriction digestion. Isoform 2 allelic usage in normal breast tissue and breast cancer is pictured in (A) and (B) respectively. The marker (M) used in these experiments was phiX174HaeIII (Promega). The control sample run concurrently with the restriction products was a PCR product known to be heterozygous. Paired normal and cancer samples displayed the same profile -either biallelic (samples 4, 11, 39, 53 and 98) or monoallelic (sample 44). This suggests the possibility that isoform 2 is polymorphically imprinted in breast tissue. Analysis of N18 was not possible owing to there being insufficient RNA. opposite allele, the structural change must be limited to the region upstream of exon 1. Real-time PCR established that isoform 1 is the predominantly expressed transcript in normal breast tissue, whereas isoform 2 is expressed at comparable or higher levels than isoform 1 in four out of the seven carcinomas.
Based on these results, we can conclude that the biallelic PEG1/MEST profiles detected originally in infiltrating carcinomas are not a result of LOI of isoform 1. Three biallelic carcinomas retain predominant expression of the imprinted isoform 1. In these three cases, the originally detected biallelic expression has to be attributed to another transcript. COPG2 is a gene orientated in tail-to-tail fashion with PEG1/MEST, and the 3 0 -UTR of the two genes overlap with 52 bp (14) . However, the RFLP utilized in this study is not situated within this overlap. Hence, COPG2 expression does not interfere with the imprinting analysis. Therefore, as-yet unidentified transcript(s) must account for the biallelic profiles of these three cases. In the four remaining carcinomas, where isoform 2 expression levels are either comparable to or higher than isoform 1 levels, we propose that a switch in expression to isoform 2 is contributing to (or causing) the biallelic profiles.
It is important to establish whether the differential expression of isoform 2 is caused by differences in cellular composition of carcinomas and normal tissue, or is the result of an increase in isoform 2 levels in specific cell types. We have detected both isoform 1 and isoform 2 expression in primary cultures of breast epithelial cells (data not shown). In addition, isoform 2 is expressed in blood lymphocytes (10) . However, we know from our previous study that the infiltrating tumour lymphocytes are unlikely to influence the expression profiling (9) . Expression analysis of different cell types microdissected from breast tissue will give a more detailed knowledge of the mechanism(s) leading to elevated isoform 2 mRNA levels in infiltrating carcinomas.
It is difficult to suggest what the overall effect of the observed differential expression of the PEG1/MEST transcripts might be. In normal development, isoform 1 is predominantly expressed in embryonic tissues, whereas expression of the two isoforms is comparable in adult blood lymphocytes (15) . The expression pattern observed for human and murine PEG1/MEST by mRNA in situ hybridization indicates that PEG1/MEST is an oncofetal neoangiogenesis factor (16) . However, the probe utilized was part of the 3 0 -UTR. Therefore differentiation between isoforms 1 and 2 was not possible. Although Kosaki et al. (10) denoted the two alternative PEG1/MEST transcripts, isoforms 1 and 2, uncertainty exists as to whether the putative proteins are indeed isoforms or unrelated proteins. Conceptional translation shows that isoform 1 encodes a 335-aminoacid protein of the a/b hydrolase fold family (17) . Exon 1, which is specific to isoform 1, is a coding exon. The full-length cDNA sequence of isoform 2 is not known. There is a start codon in exon 2 inframe with the reading frame of isoform 1. If this codon is the translational start site for isoform 2, the alternative protein product would be a PEG1/MEST isoform lacking the first nine amino acids of isoform 1. However, the start codon is not in a good context. On the other hand, there are stop codons within exon A or immediately at the beginning of exon 2 for all three reading frames. Therefore, if the translational start site of isoform 2 is located 5 0 to the currently known sequence of exon A, the two transcripts would encode different proteins. Further investigation of the coding potential of isoform 2 is of great importance in establishing the effect of the observed switch in expression. The effect of differential expression of PEG1/MEST transcripts between normal tissue and cancer still has to be established. Evidence is accumulating that it may be a frequent occurrence in several different cancer forms. Since our original report of biallelic PEG1/MEST expression in breast cancer, PEG1/MEST has been reported to be biallelically expressed in lung adenocarcinomas and colon cancer (18, 8) . In lung cancer, 11 out of 13 (85%) informative samples have been reported to have biallelic PEG1/MEST expression. Lymphocytic infiltrate was ruled out as cause of the observed profiles, but the two isoforms were not investigated separately (18) . Hence, the possibility exists that the mechanism leading to biallelic expression is similar to what we have observed for breast cancer. In colon cancer, 7 out of 20 samples displayed biallelic PEG1/MEST expression, and, of these, 5 of 7 matched-normal mucosa also showed biallelic expression of PEG1/MEST (8). LOI of isoform 1 was ruled out as the mechanism. On the other hand, isoform 2 was reported to have undergone LOI in the tissues with biallelic expression.
Future studies will focus on the isolation of other transcripts arising from the PEG1/MEST transcriptional unit, and the investigation of their imprinting status and coding potential. This would further elucidate the mechanism behind the biallelic expression observed when analysing the 3 0 -UTR of PEG1/ MEST and also contribute to establishing the effect of this frequent occurrence in breast and lung cancer.
MATERIALS AND METHODS

Tissue samples
Seven PEG1/MEST biallelic infiltrating carcinomas (four infiltrating ductal carcinomas, one papillary carcinoma, one mucinous carcinoma and a squamous cell carcinoma) and paired normal breast tissue were analysed in this study. Six of the seven samples originated from the cohort described in our previous work (9) . One additional biallelic sample was included. This sample was T44, an infiltrating ductal carcinoma with a high-grade ductal carcinoma in situ component. The lymphocytic response in this sample was moderate and lymphovascular invasion was present.
Ethical approval had been obtained in the acquisition of the samples, conforming to the Declaration of Helsinki.
Isoform-specific allelic-usage analysis
Isoform-specific evaluation of PEG1/MEST allelic usage was carried out utilizing a protocol similar to that previously described by Nishihara et al. (8) .
Aliquots of 1 mg total RNA were DNase-treated using DNaseI (GibcoBRL). cDNA was synthesized using the Superscript II reverse transcription kit (GibcoBRL) and oligo dT primer (GibcoBRL). For each sample, a RT-negative control was set up to check for contaminating genomic DNA. In order to facilitate the most efficient generation of full-length cDNA, synthesis was carried out for 2 hours at 42 C. RT-PCR reactions were set up using reverse primer R2324 (5 0 -GACTAAGACAATGAAATGTGGC-3 0 ) in combination with forward primer exon 1 (5 0 -GCGGCGGGCGGCATGGG-A TA-3 0 ) or exon A (5 0 -CCTGTAGGCAAGGTCTTACCTG-3 0 ), generating isoform 1-or isoform 2-specific products respectively. In each reaction, 2 ml oligo dT-primed cDNA was used as template. The reaction volume was 50 ml, containing 1 mM of each primer, 2.5 mM MgCl 2 , 200 nM dNTP mixture, 1Â TaKaRa LA Taq buffer and 2.5 units TaKaRa LA Taq enzyme (TaKaRa). The reactants were subjected to 5 minutes initial denaturing at 95 C, followed by 35 cycles (95 C for 30 seconds, 55 C for 1 minute, 72 C for 3 minutes), with a final extension for 10 minutes at 72 C. Cycling was carried out on a DNA Engine (PTC-2000) .
Each of the isoform 1 and isoform 2 products was gelpurified separately using the Geneclean kit (Bio 101) according to manufacturer's instructions. The purified RT-PCR products were subsequently used as template in a nested PCR and digested with AflIII restriction enzyme (GibcoBRL) as previously described (9, 16) . The restriction profiles were evaluated by densitometry (9) .
Real-time PCR
Real-time PCR was performed using an ABI7700 sequence detection system (PE Applied Biosystems) in the presence of SYBR-green. This fluorochrome incorporates stoichiometrically into the amplification product, providing real-time quantification of double-stranded DNA PCR product. Primers for each alternative transcript were designed, to amplify an 80-120 bp fragment with 59 C annealing temperature (Primer Express, PE Applied Biosystems). The reverse primer was identical for both transcripts (exon 2: 5 0 -GAAGACTTCCAT-GAGTGAAGGGC-3 0 ). A forward primer was designed for each transcript: isoform 1 (exon 1b: 5 0 -GATAACGCGGGC-CATGGTG-3 0 ), and isoform 2 (exon A: 5 0 -CCTGTAGGC-AAGGTCTTACCTG-3 0 ). Optimization of the real-time PCR reaction was performed according to the manufacturer's instructions. For each analysis, transcription of the gene of interest was compared with transcription of the housekeeping gene GAPDH, which was amplified in parallel (GAPDH-F: 5 0 -AACAGGGACACCCACTCCTC-3 0 and GAPDH-R: 5 0 -CAT-ACCAGGAAATGAGCTTGACAA-3 0 ).
